Background: Most ischemic heart disease (IHD) prevention programs that promote physical activity (PA) have focused on overweight/obese populations. Persons with normal body mass index (BMI) may mistakenly think that they are not at risk for IHD and remain physically inactive. Studies exploring the risk of IHD and PA level among adults aged 45 years and older with normal weight are limited. Methods: Cross-sectional study to examine the prevalence of IHD and PA level among 94455 respondents aged 45 years and older with normal BMI using the 2007 Behavioral Risk Factor Surveillance System data. Results: Approximately 50% of respondents reported low/inactive PA. The prevalence of IHD among persons with inactive, low, medium, and high PA was 16.6% (95% CI = 15.1-18.1%), 9.6% (8.9-10.3%), 8.9% (8.3-9.6%), and 5.4% (4.9-5.9%). The adjusted odds ratios of IHD among persons with low, medium, and high PA compared with those with inactive PA was 0.68 (95% CI = 0.59-0.79), 0.63 (0.54-0.73), and 0.49 (0.42-0.57). Conclusions: The percentage of respondents with low or inactive PA among populations aged 45 years and older with BMI 18 to <25 was alarmingly high and independently associated with higher IHD prevalence. Persons who are not overweight/ obese still need to have adequate PA to reduce the risk of IHD.
Studies have proven that physical inactivity and obesity are 2 important risk factors for coronary heart disease (CHD). [1] [2] [3] [4] [5] Persons who are physically active and not overweight or obese are usually considered at low risk for CHD. Ischemic heart disease (IHD) is one of the major manifestations of CHD and also the major cause of sudden cardiac death. [6] [7] [8] [9] For years, most epidemiological studies on IHD have focused on populations with high-risk behaviors, [10] [11] [12] and few have targeted those with low-or minimal-risk behaviors. Investigators have customarily used the lower risk populations as controls or references in their studies.
Few nationwide, large-scale studies have been conducted on the prevalence of IHD among adults aged ≥ 45 years with body mass index (BMI) of 18 to <25 kg/ m 2 who are physically active compared with those who are physically inactive. Most IHD prevention programs that promote physical activity (PA) have been focusing on overweight and obese populations for many years because they are the right populations to target from the prevention priority point of view. Actually, IHD prevention programs should target the populations at highest risk as a priority because of the limited resources available. The beneficial effects of PA have been documented for IHD, 13, 14 and federal guidelines endorsed by the Centers for Disease Control and Prevention (CDC) 15 recommend that Americans should exercise moderately for ≥ 30 minutes on most, and preferably all days of the week. It is well known that persons aged ≥ 45 years are at high risk for IHD. To effectively promote the PA and to reduce the IHD risk among this specific population, we believe that, it is also very important to know the information on what percentage of the persons with normal weight (BMI 18 to <25 kg/m 2 ) who have not met the federal guidelines on PA, what percentage of them who have the IHD, and the relationship between the PA and the IHD among them. Yet, large scale population-based study on the relationship of the PA and the IHD risk among this subpopulation has not been available. Therefore, in this study, we examined the prevalence of the individuals who did not meet the federal guidelines on PA recommended by CDC and their relative risk for IHD among the respondents aged ≥ 45 years with a BMI of 18 to <25 kg/m 2 .
Methods

Data Source
Our data came from the Behavioral Risk Factor Surveillance System (BRFSS), a state-based telephone survey that collects data on risk behaviors and conditions from noninstitutionalized adults aged ≥ 18 years in 50 states and territories of the United States. Trained interviewers collect data on a monthly basis by using an independent probability sample of households with landline telephones. The characteristics and advanced survey design of the BRFSS and random sampling have been described elsewhere. [16] [17] [18] [19] 
Participants
For this analysis, we examined the data of 94,455 persons aged ≥ 45 years with a BMI of 18 to <25, who had complete information for our study variables. The data were collected in 2007, when questions related to PA, BMI, and IHD were all asked. The sample was weighted by age, sex, and race on the basis of estimates from the 2007 US Census data.
Assessment and Definition of IHD
In BRFSS 2007, the question related to IHD asked, "Has a doctor, nurse or other health professional ever told you that you had any of the following? a) A heart attack, also called myocardial infarction; b) Angina or coronary heart disease." We defined IHD as a "yes" answer if respondents answered affirmatively to either of the 2 questions. The self-reported history of a doctor-diagnosed heart attack or angina pectoris has been shown to be a valid measure of diagnosed heart disease in population-based studies. 20, 21 Assessment and Definition of PA Respondents were asked 6 questions about their participation in PA. The questions were 1) Now, thinking about the moderate activities you do in a usual week, do you do moderate activities for at least 10 minutes at a time, such as brisk walking, bicycling, vacuuming, gardening, or anything else that causes some increase in breathing or heart rate? 2) How many days per week do you do these moderate activities for at least 10 minutes at a time? 3) On days when you do moderate activities for at least 10 minutes at a time, how much total time per day do you spend doing these activities? 4) Now, thinking about the vigorous activities you do in a usual week, do you do vigorous activities for at least 10 minutes at a time, such as running, aerobics, heavy yard work, or anything else that causes large increases in breathing or heart rate? 5) How many days per week do you do these vigorous activities for at least 10 minutes at a time? 6) On days when you do vigorous activities for at least 10 minutes at a time, how much total time per day do you spend doing these activities? The self-reported physical activity assessed by the BRFSS was found to be similar to that obtained by a heart rate motion-sensor technique, with 80% agreement between the 2 methods. 22 In 1995, CDC and the American College of Sports Medicine (ASCM) recommended that adults spend at least 30 minutes performing moderate intensity PA on most, preferably all, days of the week, or at least 20 minutes of vigorous PA on 3 or more days each week. The self-reported physical activity assessed by the BRFSS was found to be similar to that obtained by a heart rate motion-sensor technique, with 80% agreement between the 2 methods. 22 In this study, we followed the 2008 new federal guidelines. We categorized the PA into 4 mutually exclusive groups of persons, those with inactive, low, medium, and high PA. The definitions for each physical activity level were as follows. Inactive is no activity beyond baseline activities of daily living. Low activity is activity beyond baseline but fewer than 150 minutes (2 hours and 30 minutes) of moderate-intensity physical activity a week or the equivalent amount (75 minutes, or 1 hour and 15 minutes) of vigorous-intensity activity. Medium activity is 150 minutes to 300 (5 hours) minutes of moderate-intensity activity a week (or 75 to 150 minutes of vigorous-intensity physical activity a week). High activity is more than the equivalent of 300 minutes of moderate-intensity physical activity a week. The detail information about each physical activity level can be accessed at http://www.health.gov/PAGuidelines/ pdf/paguide.pdf. 23 
Assessment and Definition of BMI and Other Covariates
We used the data of the self-reported height and weight to calculate the BMI. A respondent was classified as obese if his or her BMI was ≥ 30 kg/m 2 , overweight if the BMI was 25 kg/m 2 to 29 kg/m 2 , and normal if BMI was 18 to <25 kg/m 2 . In this study, we included only respondents aged ≥ 45 years with BMI 18 to <25, considering them to be a normal weight population. The measures of BMI in BRFSS data were found to be of high reliability and high validity by other studies. 24, 25 The following questions were asked to determine if a respondent had diabetes, hypertension, or hypercholesterolemia. For diabetes, respondents were asked, "Have you ever been told by a doctor that you have diabetes?" For hypertension, respondents were asked, "Have you ever been told by a doctor, nurse, or other health professional that you have high blood pressure?" For hypercholesterolemia, respondents were asked, "Have you ever been told by a doctor, nurse, or other health professional that your blood cholesterol is high?"
Data Analysis
The weighted prevalence of IHD was calculated by PA, demographics, and other risk factors. Data were weighted by age, sex, and race/ethnicity based on the population estimates of the 2007 Census. The detailed information on weighting methods of the BRFSS data are available at http://www.cdc.gov/brfss/technical_info-data/surveydata.htm. 26 The association of PA and IHD was tested by the Cochran-Mantel-Haenszel Test of Association and also by using crude and adjusted odds ratios (ORs and AORs) obtained from univariate and multivariate logistic regression analyses. We used the Hosmer-Lemeshow test for the goodness-of-fit of our regression models, and all logistic regression models showed good fit (P > .05 for H-L Wald and H-L Satterthwaite in the Hosmer-Lemeshow test). Because of the complex sampling design in the BRFSS, we used the SUDAAN (Software for the Statistical Analysis of Correlated Data; Research Triangle Institute, Research Triangle Park, NC) statistical analysis package, version 9.1 to calculate the weighted prevalence of IHD, ORs, AORs, and 95% CI.
Results
A total of 94,455 participants with BMI 18 to <25 were included in the analysis. Thirty-seven percent were aged 45 to 54; 24.6% were aged 55 to 64; and 38.2% were aged ≥ 65 years. Nearly 78.9% were white non-Hispanic, 5.7% black non-Hispanic, and 15.4% other race/ethnicity. Approximately 10% had not graduated from high school, 27.3% were high school graduates, 24.2% attended college or technical school, and 38.6% had a college degree or higher. Approximately 25.5% of respondents reported high activity, 25.2% medium activity, 34.5% low activity, and 14.9% inactive.
Approximately 9.6% of respondents reported IHD ( Table 1 ). The weighted IHD prevalence was 16.6% (95% CI = 15.1-18.1), 9.6% (95% CI = 8.9-10.3), 8.9% (95% CI = 8.3%-9.6%) and 5.4% (95% CI = 4.9%-5.9%), respectively among those with inactive, low, medium, and high PA. The IHD prevalence among respondents with inactive PA was the highest among 4 groups and was 1.7, 1.9, and 3.1 times as high as that among those with low, medium, and high PA, respectively. Table 2 shows the statistical association between IHD and PA. The likelihood for respondents with high, medium, and low PA to have IHD were 0.29 (95% CI = 0.25-0.33), 0.49 (95% CI = 0.43-0.57), and 0.54 (95% CI = 0.47-0.61), respectively. After adjusting for age, sex, race/ethnicity, education level, smoking status, diabetes, hypertension, and hypercholesterolemia, the likelihood for respondents with high, medium, and low PA to have IHD were 0.49 (95% CI = 0.42-0.57), 0.63 (95% CI = 0.54-0.73), and 0.68 (95% CI = 0.59-0.79), respectively.
Discussion
Our study focused on the risk of IHD among respondents who were of normal weight (BMI 18 to <25). Persons with high PA and normal weight have been considered at low risk for IHD. Similar studies that focused on populations with healthy behaviors are limited in the literature. We found a significant association between higher PA level and lower IHD prevalence among respondents with a BMI of 18 to <25. The IHD prevalence among respondents with inactive PA was 1.7, 1.9, and 3.1 times as high as that among those with low, medium, and high PA, respectively. Compared with those with inactive PA, the adjusted odds ratios to have IHD were 32%, 37%, and 51% lower among those with low, medium, and high PA, respectively.
In addition, we found that there was a lack of sufficient PA recommended by federal guideline in our study populations where nearly 50% of the respondents aged ≥ 45 years with normal weight had low PA (34.5%) or inactive PA (14.9%). Other studies have shown that PA plays an important role in the treatment and prevention of obesity, [27] [28] [29] [30] [31] [32] [33] and also cardiovascular heart diseases. 7, 8, [34] [35] [36] Best of all, PA is a modifiable factor that can be used by persons to reduce the IHD risk. Based on the federal guidelines endorsed by CDC 15 and the new federal guideline, 23 Americans should exercise moderately for ≥ 30 minutes on most, and preferably all, days of the week. Our finding suggests that nearly 50% of middle aged or older persons with normal weight did not meet the federal guidelines for the recommended course of PA which is alarming.
We cannot exclude the possibility that persons with IHD may be less likely to be physically active due to their existing heart health problems. However, the strong association of IHD with the low or inactive PA does exist in our study. Since our study is a cross-sectional study, the causal relationship between the PA and the IHD should not be concluded from our findings due to the limitation of such design.
For years, efforts to promote PA have focused on overweight or obese populations to reduce the risk for IHD. Persons with normal weight may easily have the perception that they are at lower risk than those who are overweight or obese. Hence, this low-or minimal-risk population may ignore the importance of PA and lose their motivation to participate in any PAs. This assumption seems to be true as demonstrated by our finding that nearly 50% of middle aged or older persons with normal weight did not have adequate physical activity recommended by federal guidelines, 15, 23 although further studies are needed to confirm it.
Our study also suggests that, among the persons aged ≥ 45 years with normal weight, those with inactive PA had a prevalence of IHD as high as 3.1 times compared with those with high PA. This finding may imply that promoting PA among persons aged ≥ 45 years with normal weight may be as important as promoting PA among the overweight or obese populations.
There are some limitations of our study. The BRFSS is a landline telephone-based survey, so persons with no telephones were excluded, possibly resulting in sampling bias. All of the data in the survey were self-reported and possibly subject to recall bias. In spite of these limitations, studies 18, 24, 25 have shown that the BRFSS data consistently provided valid and reliable estimates compared with national household surveys in the United States and our literature search has also shown that BRFSS data have been widely accepted by researchers and professional journals as well. The main variables used in this study, including those related to the physical activity, IHD, and BMI, have been found valid measures by other studies. [20] [21] [22] 24, 25 
Conclusion
In summary, our study suggests that higher PA level may be independently associated with the lower IHD prevalence among persons ≥ 45 years with a BMI of 18 to <25; and that the IHD prevalence among those with inactive PA was 1.7, 1.9, and 3.1 times as high as that among those with low, medium, and high PA, respectively. About 50% of the normal weighted population in this study had low or inactive PA. Therefore, for persons with normal weight, keeping a higher PA level as part of their daily activities may be an important factor for reducing the risk of IHD. 
